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Purpose : To stud/ safety, feasibilrf// and biologic 
actfVTt/. of odenovirus-nriediated p53 gene transfer in 
patients with bladder cdncer* 

Pattenfs and Mefhods : Twelve patierrts with histo- 
logically confirmed bladder cancer scheduled for cys- 
tectomy were treated on doy 1 with a single intratu* 
morol in{ection of $CH 58500 (rAd/p53) at cystoscopy 
at one dose level (7»5 x . 10" particles) or a single 
intravesical instillation of SCH 5850k> with a transduc- 
tion-enhoncihg agent (Big CHAP) at three dose levels 
(7.5 X 10" to 7.5 X 10'^ particles). Cystectomies v/ere 
performed, in ll .potients on day . 3, and transgene 
expression, vector distribyrion, and biologic mairkers of 
transgene activity were assessed by molecular and 
immunohistochemical methods in tumors and normal 
bladder scmiples. 

Results : Specific transgene. expression was detected 
in tissues from . seven of .eight assessable patients 
treated virtth ihtrdvesicol instillation of $CH 58500 but in 



nbne of three assessable patients treated with tiitratu- 
morbl injection of 5CH 58506* Induction of RNA and 
protein expression of the p53 target gene p21/WAFl 
was demonstrated in samples from patients treated 
vtrith SCH 58500 instillation at higher, dose levels. Dis- 
tribution studies after introyesicol. instillotion. of SCH 
58500 revealed both high transduction efficacy arid 
vector penetration throughout the whole urothelium 
and into submucosal tumor cells. No dose-limitihg tox- 
icity Svas observed, ond.side effect^ were local <md: of 
transient nature. 

Conclusion : Intravesical instillation of SCH 58500 
combined Mnth a transduction-enhancing agent is safe, 
feasible, and biologically active in patiefhts v^itfi blad- 
der cancer. Studies to evaluate the clinical efficacy of 
this treatment in patients writh localized high-risk blad- 
der cancer are worronted; 
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AN feSHMATED 261,000 new cases of bladder cancer 
are diagnosed worldwide per year. Bladder cancer is 
prevalent in the developed countries, where it aifects mainly 
men and is frequently associated with a history of tobacco 
smoking or some occupational exposures, and in Noithem 
Africa and Western Asia, where it is related to endemic 
infection with the parasite Schistosoma mahsonii} In the 
Western worid» 70% to 80% of patients- present with 
superfidat bladder tomois, which can h& treated with 
transurethral resection,^ However, patients with less dif- 
ferentiated, laige or multilocular bladdo* tumors as well as 
patients with cardnoma in situ or stage I bladder cancer are 
at high risk for tumor recurrence and d^velopmrat of 
muscle^invasive disease or distant metastases.^ Treattnent 
strategies for such higlnrisk patients mchide local resection 
with dose surveillance,^ local resection and intravesical 
therapy using bacillus C^mette-Gueiin or cytotoxic 
agents,*^ or radical cystectomy with urinary diversion or 
reconstroctive surgeiy.^-^® Radical cystectomy provides op- 
timal control of the bladder tumor; but atthe price of organ 
loss. Intravesical and systemic medical, therapies have 
substantial toxiddes and bear the risk of local recurrence or 
tumor progression. Thus, new bladder-preserving treatment 
options for high-risk bladder cancer are required.. 



Mutations of thepJJ tumor suppressor gene are the most 
common genetic alteration in human cancers." The role of 
p53 in the prevention of oncogenic transformationr, mainte- 
nance of genetic stability, and sensitivity to commonly used 
cancer treatments is well established.^^" In some but not all 
studies, nuclear accumulation of p53 as an. indicator for 
mutations in the p53 PNA binding domain was assodated 
witlf an adverse prognosis in patients with bladd^ can- 
cen'^" Heince, somatic gene, transfer of the p53 tumor 
suppressor is an attractive new treatment modality fpr 
malignant bladder tumors. Preclinical cancer models, have 
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demonstrated that the expression of p53 by viral or nonViral 
gene transfer technology effectively induced apoptosis or 
sensitized cancer cells to drug- or radiation^induced cell 
death.'* These results hav fostered th translation of p53 
gen therapy into early clinical studies, which were con-; 
ducted in patients with advanced lung, he^ and neck, 
ovarian, or liver cancers.* Using intratumoral injection 
of adenoviral^^^ or retroviral'^ p53 expression vectors, 
local transgene expression^'^ and evidence for local tumor 
regressions and induction of apoptosis*'*^ were reported 
firom several phase I and pilot studies. However, the only 
controlled phase U .study in patients with newly diagnosed 
advanced non-small-cell lung cancer (NSCLQ failed to 
demonstrate a significant clinical benefit from local pJJ 
gene transfer by intratumoral vector injection^in combina- 
tion with an effective first^line chemotherapy.^ One reason 
for this apparent clinical inactivity might be insufficient 
gene delivery and transduction after intratmnoral injection 
of adenoviral p53 expression vectors. Systematic studies of 
these important parameters, however, are absent in cancer 
patients. 

One way to overcome the potential limitations of the 
intratumoral injection approach is the instillation of high- 
vector doses into cavitary organs, such as the jpleural 
space,^^ peritoneal cavity, or bladder^ This should allow a 
homogeneous vector distribution along the tumor surfaces, 
as opposed to a vector distribution along the. track of an 
injection needle. Preclinical studies have demonstrated the 
feasibility of this approach and have highlighted the impor- 
tance of the addition of transductionrenhandng agents to 
maxinnii7e transgene expression in the bladder.^*^ 

Tq address this hypothesis, a study of safety, feasibility, 
and biologic activity of an intravesical instillation or an 
intratumoral injection of an adenoviral expression vector 
encoding wild-type p53 (SCH 58500) was conducted in 
patients with invasive bladder cancer. To allow assessment 
of vector distribution, traissgene expression, and induction 
of p53 target genes or additional markers of biologic 
activity after die study treatment, only patients scheduled 
for radical cystectomy were enrolled onto this trial, enabling 
ext^Ksive tissue sampling bx these analyses. 

PATIENTS AND METHODS 

Patients 

r . AduU patients with faistologicany ccmfimied, nmsde^iiivasive Mad- 
der cancer and indicati<Hi for radical cystectomy were cHgiUe for 
enrollment Additional indosion criteria were a life expectancy of at 
least 3 monlhs, a Karno^ky peri<»iDance scofe c^atleast 70%, and ti^ 
absence of any cKnical or.laboratofy evidence (WBC coont & S^OOCV 
ML» absohite ncotrophfl count 2: l^OOCZ/iL, platelet count ^ IOD,00(V 
>JU creatinine < 13 ing/dL, bflirabin < 1.5 mg/dL, ASTand ALT < 



15 times the upper fiiint 6f normal, aiid pit>thr6mbin and partis 
thromboplastin times within nonnal limits) for dysfunction of the 
hematopoietic* liver, renal, or coagulation systems. An interval of at 
least 4 weeks between prior cbemothers^y, radiation, or major surgery 
was m a ndato ry. Pregnant or nursing women, fertile women not 
I^acticing medically accepted contracq>tion, patients with uncontrolled 
serious bacterial, fimgal, or viral infections, human immunodeficieiicy 
virus-posidve patients, and immunosuppressed patients were not eli- 
gible. Molecular or immunohistocbemical evidence for an intratumoral 
p53 mutation was not required for eligibility. AD patients provided 
written informed consent AAct written infonned consent, control 
tissue saniples were obtained from patients with advanced bladder 
cancer or patients with iKmmaHgnant bladder disease treated by 
cystectomy. 

Study Design .... 

This was an open-label, singlc^nter, phase I dose-escalation study 
of a single intratunioral ' injection ^art A) or a single iniiavesic^ 
instillation (part B) of SCH 58500 (rAd/pi3). Three ^aits were 
treated at each dose level, and dose escalation proceeded if no 
dose-limiting toxicity was ot>served. A dose-limiting toxicity was 
defined as any Worid Health Orgjanization (WHO) grade 4, toxicity or 
any WHO grade 3 toxicity lasting more than I week. Adverse events 
that were clearly related to cystoscopy; catheter placemrat, cystectomy , 
or palliative treatment to the tumor were Hot ccmsidered dose^liniiting. 
The protocol was approved by the local ethics committee (Bezirks3r- 
^ekammcir Rheinbessen) and the National Regulatory Office (Kbm> 
im'ssion Somatische Gentberapie der Bundesarztekaznrner). The study 
was. conducted according ta the Declaration of Helsinki (amended 
version. Hong Kong, 1989) and following the principles of good 
clinical practice. 

Study Treiatments - 

SCH 58500 is a replicatioihdefective recoinbinant adenoviral vector 
encoding the complete human wild-type p53 cDNA.^*^ Doses were 
IS X 10" particles in level 1, 7.5 X 10" particles in level 2, and 7J 
X lO!' particles in level 3. Patients treated in part A received a ang^e 
mtratumof%a injection of 1 mL SCH 58500 in a standard saline-based 
sohition^ at cystoscopy cm day l. P^ents treated in part B received a 
single intraveacal iristiilation (total volume, 120 mL) <^ SCH 58500 in 
20 mgAnL .soluticm of . Big QiAP» a transdnctioQ-cnhancing- agent,.^ 
through a transui^etfara] c^beter on. day I. After instillation, d»e 
catheters were blocked to aBow a contact time of 60 minmes, followed 
by release of the catb^ and extoisive bladder inigatioQ with safine, 
During^ the course of tte smdy, the vector instiHatiMi was divided into 
two sequenti^ admimstrations of 50% of vector dose eacb^ The 
I^anned contact time for each half dose was 30 rmnutes; the secosxl 
instHlatioo iminediatcly fc^owed tbe release of the first doseC After 
treatment, all patients were bo^^taUzed in single rooms in 'a bsosafdy 
envtrt^nmeot at the stsdy center for at least 24 boms or imtfl adesovinis 
s hw Min g was no longer^ detectable, .^ypsoximatiely 4& hoois after 
vector administratioo (day 3X all patients underwent routinely sched- ' 
uled ratScal cystectomies, winch were ixA part of die study treatment 

Study End Points 

The primary objective of this study was to . assess the »fety» 
feasilHlity, and toxicity a single dose of SCH 58500 ^[ministeied by 
intratomOTal injection ^art A) or by intravesical instillation (part B) in 
patients with invasive bladder cancer. Secondary end points were to 
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Toblo 1. Swyiences of iheOfigomKfeoHJe 1 


Hhnen and Probes Used m Redl-Ttnie RT-POt Assays 




Tof^el Gcno 


Funcfion 




Expected PO{ 
Product 5cc» {b^ 


SCH585(i) 
DNAondRNA 

GAPDH 


Forward primer 
' Reverse pnmer 
Probe 

Forwuiil pnmer 
Reverse primer • 
Probe ... 
.ForwcrJ pruner . 
Reverse primer- - 
Probe- 


TGGAGAaaCAGGGTCGAAA 

GGCGnTGGAGTGGTAGAAATC 

CGGCGGCAGACCAGCATGAC 

AACGGTAaCCGCCACC 

CGTGTCACCGTCGTGGA 

CAGaGCTCGAGAGGTTTTCCGATCC 

GAAGGTGAAGGTCGGAGTC 

GAAGATGGTGATGGGATnC 

CAAGCTTCCCGTTCrCAGCC 


65 
94 
726 



NOTE. All of the probes were labeled wirfi ibe reporter signal FAM and TAMRA os ibe quencber. 



assess .vectOT distribution in normal and malignant bladder tissue* 
transgenie exinession, and markers of biologic activity in samples 
obtained at cystectomy. 

Clinical Monitoring 

Patients were closely monitored for adverse events foc^^he first 7 
days after stndy treatment After bo^tal discharge, the paticiits were 
followed bimonthly for 1 year at the study center. The monitoring for 
the first 7 days after treatment included assessment of clinical symp- 
toms, i^iysical examination, monitoring of vita] signs. Kamofsky 
index, concomitant medication, and recprd^g of adverse events. 
Hematology, seroin chemistry, and urinalysis were performed before 
tfeatmrat iitd on days 1, 2. 4. and 6 and during follow-up visits. 

Virology Studies 

Adenovirus shedding was monitored in urine, stool, or rect^ swab 
^)ecimens by means .of a qualitative eioyme-linked immunosorbent 
as^y/CELI5A) before treatment : on days 2 and 3 and until no 
adenovirus shedding was detectable.^ In addition, urine samples were 
collected at multiple time points after study treatment and were 
examined for the presertce of infectious adenoviruses by a flow 
cytoioetry-based infectivity assay.^ 

Detection of SOI 58500 DNA and Expression of 
Transgenic p53, p2l/WAF\, and the CoxsacHe and,. 
Adenovirus Receptors . 

SCH 58500 virus DNA, vector-^>ecific trartsgeite expression, p53 
target ^^sot^pll/WAFl cxprcssiOT,'*'?* and Coxsackie and adcnovinis 
receptor (CAR) cxpresstoo were assessed in tnmor sanq^es and nonnal 
bladto ^Esne otoined at cystect^^ 

ase d^s' reaction (in**PCR), as described pieviodsly,^ and qjuantita- 
tive reaMhne PCR,**^ as described'prevjcxisly.^ In brief. DNA and 
RNA were coextracted from frozen bladder samples using T rir ca gi ent 
(Mokcnlar Research Center, Cincinnati, 0H>. Extracted RNA was 
DNased, and PGR was pofonned to en$nre no DNA contanunadon. 
Real-time quantitative PGR and RT-FCR were p a f oimed using the 
ABI 7700 se^aencc detector (Api^ Bidsystems, Foster Gty, CAX 
Ihe GAPPH gene was used as an iirtemd control to assess the quality 
of assay saao^les. Gene expression results were expressed as number of 
coines per 1.000 copies of GulPD/f. SCH 58500 D^ 
by conqrarisOT to viral DNA extracted from purified SCH 58500 virus 
(Qiagen, Valeoda, CA>. cRNAs were used as standards tp quantify 
p53, p2J, and GA/'D/f gcine expression. The sequences, of the oligo- 



nucleotide iwimcrs.ai?d probes arc listed in Table 1. Primers for SCH 
58500 gene axKl its expression were designed specifically tp amplify 
SCH 58500 biit not the human pS3 gene. Whenever possible, assays 
were performed on at least two different samples of tumor or nontunKT 
tissue per patient Bladder tissue samples <^>tained from patients with 
advanced bladder cancer^ not treated with SCH 58500 served as 
negative controls. A cutofT level for positive real tiine PCR samples 
was set as the detection of at least 10 copies per reaction.^ 

Analysis of Tissue Sections 

Localizaticm of SCH 58500 was assessed using a direct in situ PGR 
method.^ Pormalin-fixed paraffin-embedded tissues were cut into 
S-pm sections, placed on in situ PGR slides, and baked for 2 to 3 hour? 
at GO'C on a slide hot plate. The slides were washed in xylene to' 
remove the paraffiii. followed by an incubation with 0.02 N HCl and 
digestion with . 23 pgfmL proteinase K (Qiagen) at 37^ for 30 
minutes. The einlogenous alkaline phosphatase activity was eliminated 
by iiKubating the slides in ice-cold 20% (volAvol) acetic add Slides 
were dehydrated in graded alcohols and rehydrated in 45 /iL of PGR 
master mix containing 1 pmoVL of each dinitro-jdienyl (DNP)-labeled 
prima*. 200 pmol/L Of each dNTP, 2.5 nunol/L ma^Desium chloride, 
and 10 units , of AmpliTaq DNA polymerase (Applied BiosystemsX 
Priincis were designed to am|^ a SCH 58500-5pecific sequence 
located between the cytomegalovirus promoter (5'-CGTGTCAC- 
CGTCGTGGA-3') and the upstream pS3 cDNA (y-CGACTGCT- 
TA(nt3GCITATCGAAAT-37. lias primer selection iweveots the 
an^lification .of genomic p$3 DNA.^ Reactions were pofonned in a 
. Peikin Efaner Gept Ainp In Situ PGR System 1000 (Applied Biosys- 
tcms) prograinmed for one cycle denaturation at 95X for 5 miiiutess. 
and anneafing at 55*t: for 90 seconds, followed by 34 cydes 94*t: 
f(^ 30 secoiKli and 55X for 90 seconds. After con!]|>letiOT ctf the PGR; 
slides -were wadttd two times widi standard safine citrate {03 mol/L 
NaCl and 0.03 molfL sodium citrate) and blocked with, casein spliitioii 
(Vector, Buriittgame, CA)« For tissue secticHis, the DNP mdecotes . 
incoiporated into tilte PCR ampltcotts were detected using an anti-DNP 
antibody conjugated with alkaline i^bosphatase (Appfied Biosysten^X 
Ihe sections were stained usmg the alkaline i^tosphatase substrate 
NBT/BCIP (nitro4)lue tetraz6lhmi^brmnb-4^CBO-3-indo]yl pbo^ 
phate) (Bodlninger Mannheim, Ormany) and then counterstained witfi 
^telear Red (Vector). As a negative contrc^ eadi section was 
processed, but the PGR reaction was performed without Ampfi- 
T»^NA polymerase. Samples from rat bladders instiDed with SCH 
58500 or a P-galactostdase-expits^ng adenoviral vector (Ad5.0-gal) 
served as positive and negative controls* 
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Toble 7. Pofert Denwytiptiia/TuiBcr StegM^ Hidblo^es, end Trensgene Exprwswa After SCH 58500 Treotaenl 







Sex 




p53 


001 


68 


Mole 


TCC 


0 


002 


37 


Femofe - 


sec 


2 


003 


64 


Mate 


TCX 


1 


004 


69 


Mole 


TCC 


3 


005 


69 


. Mole 


TCC 


I 


006 


73 


Male 


TCC 


0 


007 


69 


Mde 


tec 


1 


008 


69 


Male 


sec 


3 


009 


70 


MoSe . 


TCC 


0 


010 


60 


Female 


TCC 


I 


Oil 


84 


/vwie 


TCC - 


1 


012 


82 


Mole 


TCC 


2 



Study Group 



pTiaN2M0G4 

pT3bN0M0G2-3 

pTcNQM0G2*3 

pT1N6MOG2 

pT3gMQM0G2 

pT3aNQM0G2 

prisN0MOG3 

pT3aNQM0 

pTlN0M0G3 

pTlNlMl 

pT2bNlM0G3 . 

pT4NQM0G3 



Al 
Al 
Al 
Bl 
Bl 
Bl 
B2 
B2 
B2 
B3 
B3 
B3 



+ 
+ 
+ 
+ 

+ 

ND 
+ 
+ 



AbbrevioHons: TCC, transifiond ceO tnronoma; SCC, squomovs ceS cordixxno; Stage, hmwr stage occorxfing to hwnornocfo-metoitaMi cbssiBccfion; p53, 
inummolmlochemkd detect 

ce!I»«2,>50Xofhirw>rceIU = 3;Al,ir»htrt^^ j75x 
10" particles); B2, in»rave$kd instiBcfioo, dose level 2 17.5 X" 10'^ porticJes); B3, inJrovesk^ insfilkribn, dose levd 3 (7.5 X 10" portdes); RT^ positivo |+) 
or negative ( - ) expresibn of vedorspedRc p53 RMA os detected by RT-PCR analysis of samples obtained at cystedomy; ND, no* detenmned (nb cystodomy 
peflormed). . 



The protein expression of p53, pZJ/WAFl, apoptosis^-relatcd and cell 
cycle-fclated genes, and CAR was assessed by immunpliistocfaemistry 
in fonnalin-fixed paraffin-embedded tissue secticms. Primary antibod- 
ies against p53 (M7001. Dako Diagnostika, Hamborg, Gennany), 
p21/WAFi (M7202, Dako), Bcl-2 (M0887, Dako). Bak (AM04, Cal- 
biocbem, San Diego, OA), Bax (Ab-I/PC66, CalbiddiemX MIBl (dfia 
505, Dianova; Hamburg. Germany^ and CAR (a gift fiom I^Hc^jert 
W. Rnberg, Dana-Farber Cancer Institute, Boston, MA^-^ were used. 
Ajxiirtotic CCDs were visualized by DMcroscopy following the terminal 
deoxynudcotidyl (ransferase-mediated deoxyuridinc triphosjAaie-bi- 
otin nick cnd-Iabeliiig (TUNEL) method^ and by means of laser 
scanning cytwnctry, as previously described.^ Normal bladder and 
ttnxKJT tissue sainples^m patients not treated wth SCH 58500 served 
ds controls. 

RESULTS 

Enrollment and trecOments 

Twelve patients from a single center were enrolled onto 
the study. . Baseline characteristics and histologies of the 
study patients are listed in Table 2. Three patients were 
treated at dose level 1 in part A (ihtratumoral injecticm) of 
die study. No additions! dose escalation^was peafonned in 
part A. Nine patirats were treated at three difiezent dose 
levels in part B intravesical instillation). JEley^ patients 
undenvent radical cystectonues after study treatment In one 
patient, the tumor was d^eimined to be unresectable with 
curative int^t at I^arotcmiy. Thus, tumor samples for 
assessment of the secondary end points were obtained from 
11 patients treated with SCH 58500 at three dose levels. 

Toxicity 

' PostopCTatively, one patiojt treated in. part A suffered 
from WHO grade 1 fatigue. No toxicities were ol^erved in 
the other two patients treated with intratumoral injection at 



cystoscopy. The predominant toxicities observed in patients 
treated in part B of the study were urethral, and vesical 
burning, which reached WHO grade 2 in two patients and 
WHO grade 3 in aiiother two patients. In addition, one 
patient each experienced WHO grade 2 and grade 3 abdom- 
in^ paiD. These symptoms were relieved in two patients 
treated at dose level 1 by a reduction of the contact time, fw 
which the transurethral catheters were clamped. Hence, for 
patients treated at dose le^vels 2 and 3, the treatment was 
administered in two sequential 30-minute sessions. Addi- 
tionally, patients tr^ted at dose level 3 were premedicated 
with 50 mg of pethidine and 20 ing of butylscojpolamine: 
Despite these modifications, the planned contact time had to 
be reduced by several minutes in three patients treated at 
dose level 2 and in one patient treated at dose level 3. All 
symptoms reisolved immediately after release of the trans- 
urethral catheter and bladdo^ irrigation with saline. No 
fever, chills, or other signs of systdnic toxicity wwe 
observed in patients treated in part B. No alterations of 
laboratory parameters, including liv^ oizymes and biliru- 
hm, were detected before surgery on day 3. Tfaree| pedents were 
hospitalized because of fever unknown odgtn within 4 to 6 
wedcs after surgery and quiddy recovered under treatmeitf 
widi tHoad-^)eCtnmi antitsic^ics. b one of these patients, a 
medudDin-reastant Su^h^ioaxxus aurois was isolated from 
a ca]fa^.Ihus,eveaatdieing|iestdoselevel<^ 73 X 10" 
particles SCH 58500 adboomistered by intravesical insl^IlaiicHi, 
no dose-limiting toxicities were observed 



Transgene Expression and Biologic Activity 

In two of three assessable patients treated in paot A 
(intratumoral injection), vector DNA was found by PGR 
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t4ormal BloddiBr Tissu* ' Tunwr Tbsuo 



No. 




' p21 RNA 


p2l Int. 




p21 WC 






, ' . 1.08 ± 1.8 . 


■ ' T ' 


0.26 ± 0.38 


— 


004 V- 


. bi . 


; 3.5 ± M 


0/0 


0.92 ± 1.12 


0/2 


005" ' i ; ' 


vv;- • ' ^Bi • 


/2.47 


.0/6 


1.16 ±1.37 


0/2 


006 . / 


"■>*'■ "BT 


.57 ±0.4 


"6/6 


1.16 ± 1.43 


6/0 


007 \ ' . 


r" B2. * 


Z62 


• VO/O 


0.32 ± 0.29 


0/0 


008.. 


•B2' 


ND 


\ 0/0 .V- 


0.32 ± 0.29 


0/0 


009',' 


'62 - 


. 4.59 


; 6/0 v^- " 


0.61 


0/a 


010 


;•• • -.83.. 


ND 


ND 


ND 


ND 


01 1- 


83- ' ' 


1,29 ±.42 


0/0 


10.4 ±20.69 


0/2. 


012 


83 ' • 


2.66+1.56 


0/6 


3.99 ± 4.7 


0/1 



AH)reviafion: ND denotes no* defennbed pnsufl>dent somptmg or no cystectomy performed). 

NOTE Tissue samples from blodder tumors cvkJ norma! blodder„ tissue obloined at cystectomy were exomined by real-lime RT-PCR (p21 RNA) and 
tmmunohistochemJslry (p21 IHQ. NormcJ bladdef samples from four pojiehts and hmior samp^ 

tor reof-time RT-PCR (Cor^rols). ttestMs from red^Hme Kl-PCR are'eacpressed as mecm ± SD X 1 0,000 copes normofized to 1,000 copies GAPDH RNA Resub 
from im m u nohtstochemislTy ore presented os nudecv expression of p2T/WAFl in bibpsies.liefore end ofter SCH 58500 treatment (< 10% of tumor. celb:=» jO; 
1 1 %^25% of tumor celb = 1; 26%r50% of tumor celb « 2; > 50% of 1^ 

* 

inmiimohistocheinistry exhibited a considerable heteroge- 
neity among tumors from different patients as well as 
among different regions of the same tumor (not shown). 
Immunohistochemical analyses of p53 expression or ex- 
pression of additional apoptosis-related or cell cycle-related 
genes reve?Jed. no consistent changes in relation to SCH 
5850Q treatment Mpreover, we failed to detect a significant 
induction of apoptosis as assessed by TUNEL staining and 
microscopy or laser scanning microscopy in samples taken 
at cystectomy approximately 48 hours after SCH 58500 
treatment (not shown). 

Taken together, these data demonstrate that a detectable 
p53 transgene expression in bladder tumors can be achieved 
by intravesical instillation of SCH 58500 in combination 
with a transduction-enhancing agent At the highest dose 
level of 7^ X 10*^ particles SCH 58500, evidence for 
biologic activity in tenns of RNA and protein expression of 
the p53 target jgene p21/WAFl was obtained: 

Vector Distribution 

Using quantitative real-time PGR, SCH 58500 DNA 
copies were detected in normal bladder and tmnor san]|>les 
fxooi patirats treated with intravesical insttHation in a 
dose-dq>^dent manner, whereas no SCH 58500 DNA was 
found in sanq>les from control patients not treated witbSCIH . 
58500 (Rg 1>. Ute demonstration of vector DNA or 
transgene expression in tissue hompgenates does not pro^ 
vide information regarding the transduction e£Bcacy or the 
vector penetration. Therefore, tissue sections from patients 
treated in part B wctc analyzed by in situ PCR, revealing a 
strong vector-specific signal throughout the whole urodle^ 
lium (Rg 2). Moireover, SCH 58500 DNA was also delected 



analysis of posttieatment tumor samples (not shown). How- 
ever, no transgene expression as assessed by RT-PGR 
analysis of vector-specific p53. expression was detected after 
iritratumoral injection of SCH 58500 at cystoscopy (Table 
2).. In contrast, vector-specific p53 transgene expression was 
found by RT-PCR analyses of tissue samples from seven of 
eight assessable patients treated with intravesical instillation 
of SCH 58500 (Table 2). 

To address whether the p53 transg^e expression trans- 
lated into biologic activity, we determined the quantita^ve 
expression 6f the p53 target gtnt p2I/WAFl by real-time 
RT-P(iR analysis of tumor and normal bladder samples 
from patients treated with intravesical instillation of SCH 
58500 or untreated control patients. The p21/WAFl expres- 
sion in tumor samples from untreated control patients was 
lower than in normal Madder samples (Table 3). Assaying 
nontumOT bladder samples from patients treated with SCH 
585(X) instillation, modmte changes in p21/WAFl expres- 
sion were detected when compared with untreated controls 
(Table 3). However, in tumor samples firom patients treated 
at tiie high^ dose level of 13 X 10*^ particles SCM 58500 
p21/WAFl^ e^qpres^on ievas increased up to 40-fold com- 
pared with amtrol tumor samples firom patients not receiv- 
ing gene tberqiy (Tstble 3). Inmnmohistocbenucal analyses 
revealed an increased p21/WAFI protein expression . after 
SCH 58500 treatment in. tumor tissues but not in normal 
bladder saiiq>le$ firom |bur patients with undetectable or low 
p21/WAFl protdn expression at baseline (Table 3)^ No 
significaqf correlation between transgene expression, p21/ 
WAFl induction,, and CAR expression, as detennined by 
RT-PCR analysis and immunohistochemistry, could be 
established However, the CAR: expression detected by 
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in submucosal tumor nodules as well as in cells in the 
Lamina propria. Thus; intravesical instillation of SCH 
58500 in combination with a transduction-enhandng agent 
can achieve an unifonn vector penetration throughout the 
urothelium as weD as into submucosal tumor tissues. 

yirologic Studies 

AftCT SCH 58500 treatment, all patiMjts in both study 
groups underwoit extensive bladder inigation with 6 L 
Saline thrcmgh a transurethral caA^ 
48 hours. Excr^on ctf mfectious adenoviruses was d^ected 
by a swisitive flow cytometry-hased assay^ in ssnxplts 
taken fiom the first 2 to 4 L of void vohmie. No detectable 
minary adoiovimjexcretion was found after 6 L 
inigation (Rg 3). None of the urine samples taken 24 hours 
after ^dy treatm«it gave a positive result in the qualitative 
on-site EUSA assay (not shown). 

i^ng'Term Follow Up 

Nine of the 12 study patients were alive at a median 
foUow-up of 30 months. In addition to SCH 58500 treat- 




RgZ SCH SaSOO vector <fi$lraHiHon(miaul^ 
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ment and radical cystectomy, two patients received a 
platinum-based adjuvant chemotherapy regimen. In one 
patient treated in part A, fuhninant liver m^astases devel- 
oped 4 weeks after surgeiy, which were not detectable on 
conq)uted tomogram and ultrasound examinations. p»- 
f OTned at the preopoati ve stagmg. Hic patient was treated 
with palliative diemothcr^y, but he died fiom jyogressi ve 
hver faihn^ 7 weeks after cystectomy. One patient treated 
part A developed a Mycoplasma pnwnmmia during adjuvant 
chemotherapy. In total, three patients <lied from disease 
progression, and odq patient is being treated with paffiative 
chemothCTapy fOT recurrent disease. 

: DISCUSSION ' 

A major challenge in the craservative management of 
localized bladder cancer is the frequent recunrace and 
progression to an advanced tumor stage in patients with 
high-risk tumors.^ To improv disease controVlocal tumor 
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resection is combined with intravesical therapy with bacil- 
lus CalmetterGuerin or anticancer agents.® However, these 
treatments have a substantial toxicity and may reduce the 
risk of recurrences jbut do not prevent disease progression.^^ 
Thus, new treatment options for high-risk superficial blad- 
der cancer are required Mutations of the p53 tumor sup- 
pressor gene are frequently found in bladder cancer, are 
associated with an advise prognosis in some studies, and 
may contribute to a more aggressive clinical course and 
resistance' to anticancer treatment In an ortopic injec- 
tion model of bladder cancer, p53 gepe transfer acted 
synergistically with dsplatin to prevent tumor growth and 
induce apoptosis in vivo/* 

In the present phase I study, we tested whether adenoviral' 
vector-mediated wild-type p53 gene transf^ is safe, feasir 
ble, and biologically active jn patients with invasive bladder 
cancer. Taking advantage of the anatomy of the bladder, we 
planned to evaluate two di£R»ent nKxies of vector adn^us- 
tration: the ihtratumor^ injection of vector .solution, be- 
cause it has been perfbnned in several clinical studies of 
cancer gene tbmpy,*^^' and the intravesical vectOT instfl- 
lation..via a transur^faraj cath^er. Because precUnical stud- 
ies convincingly demonstated that the transduction efficacy 
of adenoviral vectors instilled into the bladder can be 
dramatically enhanced by die addition of several com- 
pouttds;^*^ hoe we administered intravesical SCH 58500 
in combination wjth the transduction^nhancing agent Big- 
CHAP.^ Bodi modes of administration of the study treat- 
ment, intratumoral injection at'cystoscopy and transurethral 
intravesical instillation, were well tolerated and devoid of 
any detectable systemic toxidty. Successful gene transfer 



iafter. intravesical instillation oif SCH 58500 in combination 
with Big CHAP was detected by RT-PCR analysis in seven 
of eight assessable patients. Moreover, evidence for bio- 
logic activity of the transgene, as determined by quantitative 
RT-PCR analysis of RNA expression as well as by immu- 
nohistochemical analysis of protein expression of the p53 
target gene p21/WAFl^ was found in patients treated at 
higho' dose levels. Transgene expression did not seem to 
correlate with the CAR expression status of the tumor 
sampleV as determined by RT-PCR analysis and immuno- 
histocheniistry. However, thei relatively smaU number * of 
patients enrolled onto, this study and the detection methcxld 
for CAR expression might have influenced this result 
Compared with the effective transduction achieved by 
intravesical vector im^ation, no evidence for transgene 
expression was detected in the three patients treated by 
intratumoral injection of SCH 58500 at dose level 1, 
whereas SCH 58500 DNA sequences were detectable in two 
piatients by PCR analysis. This was surprising, given that in 
a previous study in patients with NSCLC treated by intra- 
tumoral injection of SCH 58500, p53 transgene expression 
was deteded in four of five assessable patients receiving the 
same vector dose of 7.5 X 10" particles.^ Because 
intratumoral vector injection at cystoscopy is a relatively 
invasive procedure compared with transurethral vector in- 
stillation, it was dedded not to proceed with the dose 
escalation in part A of this trial. Hence, we cannot exclude 
tiiat at higher dose levels, a p53 transgene expression in 
bladder tumors would have been achieved by intratumoral 
injection of SCH 58500 at cystoscopy. Furthermore, the 
addition of Big CHAP or pth^ transduction-enhancing 
agents^^ might also be benefidal in the case of intratumoral 
vector injection in the bladder. However, in the light of the 
efficacy and ease of the intravesical instillation approach, . 
intratumoral vector injection at cystosciopy cleariy is the 
inferior 2^)proach for vector administration in bladder 
cancer. . , 

In contrast to the results obtained with the p53 target gene 
p21/WAFl^ we found no consistent changes in the expres- 
sion of p53p various cell cyde-related or apc^ytosis-related 
genes, or tUNEL staining in response, to SCH 58500 
adnunistration. Hus observation might be limited by the 
small number of patients enrolled onto the trial and the . 
availability of only a single time point for these examina- 
tions; Moreovo', the activity of many g^ies regulatmg 
apoptosis is iK>t controlled by their expression level but by 
conformational changes or changes in their subcellular 
localization,'*^ which cannot be detected by the methods 
^Ued in this study. Nevertheless, the p21/WAFl response 
is a valid marker for bicdogic activity of transgenic p53. 
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which has confihned in additional settings of clinical 
p53 gene therapy?^ "*' 

In addition to molecular and immunohistbchemical evi- 
dence for transgene expression and biologic activity, impor- 
tant information related to the vector distribution throughout 
the bladder and vector penetration into tumor tissues was 
gathered from this trial. We demonstrated by quantit^ve 
PCR analysis that administration of high^ particle doses 
resulted in the recovery of higher copy numbers of SCH 
58500-specific DNA from tissue samples (Rg 3). This was 
not unexpected; however^ it suggests that together with the 
evidence for increased p21/WAFl expression at high, doses, 
a plateau of the biologic activity was not reached by the 
intravesical instillation of 7.5 X 10\^ particles SCH 58500. 
Prcsentiy, technical limitations preclude the administration 
of ^ more concentrated adenovirus solution, leaving this 
issue unresolved. With respect to the vector distribution 
after intravesical instillation, we found a uniform distnbur 
tion of SCH 58500 DNA throughout the normal urothelium 
and the luminal tumor tissues by in situ PCR analysis of 
bladder sections. Moreover, vector DNA could also be 
found in apparentiy submucosal tumor nodules, as well as in 
cells in the Lamina propria. These results confirm the 
hypothesis that the instillation approach results in an im- 
proved vector distribution. In addition, they demonstrate 
that even submucosal tumor cells' can be targeted by the 
luminal administration of an adenovirus in combination 
with a transductioih^iihancing agent in the bladder. 

The opfiinal dosing schedule for intravesical SCH 58500 
instillation remains to be established. Because of the pro- 
ceidure-associated disconifort observed, in most patients 
treated in part B of this §tudy, the contact tiimes varied 



considerably: Yet SCH 58500 pehetratibn^ind tr^LOsgene 
expression aiialyses yielded promising ^TC$ults. It skeins 
likely that even shorter contact times thaiftte.oiies^'bW^ 
in the course of this trial might result in suffici^t transd^- 
tion rates with lower local toxicity, a hyp0fifesis suppc^ 
by initial, data from preclinical in vivo models. The intS- 
vesical instillation of SCH 58500 through 'd transuretl^ 
catheter also is environmratany safe, becMs^ infectious 
enovinises excreted in the urine after SCH 5850P tieatipentcan 
easily be recovered, in a contmiied systoiar^The virolo^c. 
studies peifcnnied in this trial Viiggest that:i£ the bladder is 
sufBdently irrigated, infectious viral particles are only ex^D^ 
with the first 4 L of irrigation fluid; This could miniTm?^ 
hospitalizations and could even allow outpatient treatment 

The design oiF the present phase I study precluded ^ 
collection of data regarding the loiig-teim effects of^tte 
intravesical administration of such higk-vector doses ai; wfeU. 
as signs for cHiiical efficacy. However^ important aniji 
unique data deinonstrating effective vector distribution, 
transgene expression, and biologic activity after a clinically 
practicable and safe gene transfer procedure were obtaiaed 
in patients with invasive bladder cancer. These results 
provide a strong rationale for friture iiivestigation of adeno- 
virus therapy iii bladder caiicer and support trials addressing 
the clinical efficacy of intravesical SCH 58500 treadnem in 
patients with superficial high-risk bladder cancer. 
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